treatments, surgical procedures, radiologic or sonographic interventions, or combinations of these choices. [6] During our clinical work, we notice that lower urinary tract symptoms (LUTS) are frequently happened on patients with adenomyosis which greatly affect their daily activities if left untreated. [7] However, there is currently a lack of precise data regarding the presence of urinary symptoms and their association with clinical status in women with adenomyosis. It is essential to appraise LUTS in patients with adenomyosis from which knowledge gained can be used to develop therapeutic and preventive strategies.
Methods

Ethical approval
This study was approved by the Institutional Review Board and Hospital Local Ethics Committee. All participants provided informed consent.
Study design and patients
This was a cross-sectional and case-control designed study. The patients with untreated adenomyosis were consecutively recruited between July 2016 and November 2016. None of the participants had undergone surgical or medical treatment for the disease before. All participants were in stable condition. The accuracy of the diagnosis of adenomyosis was later confirmed histologically on some women who subsequently underwent surgery (uterus or wedge-shaped excision). Inclusion criteria included women older than 18 years who had either transvaginal ultrasonography or MRI diagnosed as adenomyosis with a description of uterine size. We also invited age-matched subjects who underwent physical examinations at our hospital to serve as control group with a normal appearance of the uterine myometrium on transvaginal ultrasonography and had no history of endometriosis, adenomyosis, or uterine fibroids. Women were excluded if they were in a current urinary tract infection, bladder stone, inflammatory bladder lesions found on cystoscopic examination. Patients with preexisting neurological diseases, diabetes, arterial hypertension, thyroid dysfunction, pelvic organ prolapse and urinary incontinence due to childbirth factor and vaginal or urethral surgery, pregnant, had a concurrent pelvic mass, history of gynecologic cancer, concurrent use of medications known to interfere with bladder or sphincter function, such as anticholinergics, sympathomimetics, sympatholytics, narcotics, antidepressants, antipsychotics, and diuretics were also excluded from the study.
Assessment of urologic symptoms
Women enrolled were asked to complete the International Prostate Symptom Score (IPSS) questionnaire in a private room. Although originally developed to standardize the assessment of LUTS in elderly men with benign prostatic hyperplasia, it has been shown to be neither disease nor sex specific. Many urologists take IPSS into their daily practice and research of female LUTS with good feasibility and validity. [8, 9] The IPSS consists of eight questions in three subcategories that constitute three subscores: three questions about storage symptoms, four questions about voiding symptoms, and one question about QOL. [10] Storage subscore includes (daytime frequency, urgency, and nocturia) scores from 0 to 5 points. The voiding subscore includes (incomplete bladder emptying, intermittency, weak urinary stream, and straining) scores from 0 to 5. The total scores range from 0 to 35. The QOL question scores range from 0 to 6. The severity of LUTS was classified as none or mild (IPSS <8), moderate (IPSS 8-19), or severe (IPSS ≥20). [11] Storage symptoms were defined as moderate or severe for a subscore of ≥4 points, while voiding symptoms were defined as moderate or severe for a subscore of ≥5 points. [12] The variables were dichotomized as none or mild and moderate or severe symptoms.
Demographics and clinical status
Demographic data such as age, body mass index (BMI), parity, visual analog scale scored from 0 to 10 for dysmenorrhea and pelvic pain, total IPSS scores, subscale scores, uterine volume, and CA125 level were recorded. Imaging findings describing uterine size were abstracted from official reports. Uterine volume measurements were made in 3 dimensions and calculated using the formula for an ellipsoid shape: V = 0.5233 × length × anteroposterior diameter × transverse diameter and recorded in cubic centimeters. The pictorial blood assessment chart (PBAC) was used to evaluate participants' menstrual blood loss, as described by Higham et al. [13] Patients with a PBAC score of >100, being equivalent to >80 ml blood loss in a cycle were considered menorrhagia. [14] When taking uterine volume into account, we used uterine volume with 180 cm 3 (approximately 10 weeks size gravid uterus) as dividing value based on sonographic evaluation of uterine volume by Sheth et al. [15] 
Statistical analysis
The Statistical Package for Social Sciences for Windows, version 17.0 (SPSS, Chicago, IL, USA) was used for statistical analyses. Data were expressed as means and standard deviations (SD) or median and interquartile range (IQR) for numeric variables or counts and percentages for categorical variables. Numeric variables were compared using Student's t-test or nonparametric Mann-Whitney U-test, and categorical variables were compared using the Chi-square test or Fisher's exact test as appropriate. Multivariate regression analyses were used to determine factors associated with severity of LUTS evaluated by IPSS among patients with adenomyosis presented as odds ratios (ORs) and 95% confidence intervals (CIs). For all statistical tests, a P < 0.05 was considered statistically significant.
results
In this study, we included 298 consecutive patients with untreated adenomyosis (study group) and 280 age-matched controls with a normal-appearing myometrium (control group). The demographic data were similar between the two groups as shown in Table 1 . The mean age was 39.3 ± 6.4 years in the adenomyosis group and 38.3 ± 5.4 years in the control group (P = 0.225). The average BMI was 22.2 ± 2.9 kg/m 2 for adenomyosis group and 22.0 ± 3.1 kg/m 2 for control group. Individual urinary symptoms and total and subscale IPSS scores between the adenomyosis and control groups are also summarized in Table 1 . LUTS were significantly more prevalent in the adenomyosis group than that in the control group. Daytime frequency was the most prominent symptom followed by nocturia, weak stream, and incomplete emptying. A total of 40.9% of patients in the adenomyosis group reported increased daytime frequency compared with that of 22.5% in the control group. Patients from the adenomyosis group significantly more often complained about nocturia than those from the control group (24.8% vs. 7.5%, P < 0.001). A total of 23.5% of the patients in the adenomyosis group and 5.7% in the control group had incomplete emptying. Moreover, the adenomyosis group had a marked higher median total symptom score (4 [2] [3] [4] [5] [6] [7] [8] Among the 298 adenomyosis patients, 90 (30.2%) had an IPSS ≥8 (moderate-to-severe LUTS), whereas 178 (59.7%) had an IPSS <8 (none or mild LUTS). 
dIscussIon
In this survey, we found that LUTS evaluated by IPSS were prevalent and variable in patients with symptomatic adenomyosis compared to those with normal appearance of the uterine myometrium which were similar with findings by other researchers. But et al. [16] revealed that women with adenomyosis more often experienced overactive bladder symptoms particularly irritative symptoms in an adenomyosis group (23.3%) as compared with controls (7.8%) which significantly decreased their QOL. [16] Ekin et al. [17] also discovered that the frequency of urinary symptoms was significantly higher in the adenomyosis group than that in the control group including stress urinary incontinence, urgency, daytime frequency, urge urinary incontinence, and dyspareunia. Moreover, the irritative and obstructive symptoms evaluated by the Urogenital Distress Inventory scores of patients with adenomyosis could be improved by levonorgestrel-releasing intrauterine system treatment as well as menorrhagia and dysmenorrhea in their further study. [18] Then, we examined the severity of multiple specific LUTS experienced by women with adenomyosis and its related risk factors, which has not been addressed by previous studies. We noted that the presence of menorrhea and large uterine volume (more than 180 cm 3 ) were associated with moderate-to-severe LUTS. In general, the etiology of adenomyosis and its relationship with urinary tract symptoms remain unclear. Explanations include the physiological mechanisms with regard to bulk symptoms and neurogenic dysfunction, leading to urinary symptoms. Enlarged uterine volumes may increase intra-abdominal pressure and partially compress the bladder wall, leading to decreased cystometric capacity and bladder filling and increased sensation of urinary voiding at lower volumes. This may be true since similar connections with LUTS were noticed in women with uterine fibroids. [19] In addition, it has been demonstrated that adenomyotic nodules highly express inflammatory and neurogenic factors such as interleukin-1β, corticotropin-releasing hormone, nerve growth factor, and SYN which may affect the neurons of the pelvic plexus that innervate the lower urinary tract, leading to urinary dysfunction. [20] Abnormal uterus smooth muscle contractility in adenomyosis might indirectly contribute to LUTS as well. [21] It is likely that in the case of adenomyosis, some other unidentified factors are present and not yet known to us.
The findings highlight the importance of pretreatment screening for specific LUTS in women with enlarged uterine volumes and menorrhagia which will help establish the severity and determine if additional evaluation or therapy is warranted. However, possible limitation concerns the use of self-reported questionnaires for assessing LUTS which introduces a potential response bias. Moreover, studies of large sample size from multicenter are required to verify these findings. Multicenter studies with large sample groups are required to clarify the etiology of urinary tract dysfunction that causes genitourinary symptoms.
In conclusion, adenomyosis is a chronic gynecological disorder with unknown features that decreases the QOL of affected women. We found a correlation between urinary tract dysfunction and adenomyosis, especially in patients with menorrhagia and large uterine volume. Future studies should further investigate the natural history of these symptoms and include objective bladder testing, such as uroflowmetry and urodynamics measurements in women with adenomyosis, and to determine the change in symptoms with treatment resulting in decreased uterine size or adenomyoma removal.
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